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I* INTRODUCTION

The acousto-optic effect is a .henoitienon occurin ir, a neiratic

licvui.d crustal in the preserce of both art ultrasonic wave arid a

linearl t Polarized light wave# The nematic cell is constructed bv

insertinsI the liouid crvstal between two sheets of glass cheicallA

treated to Pro::ote homeotroaic alignment, Lecith:in is a tvpical

chCniicoal a8ent which causes the lon! axes of the nematic molecules

to become oriented perpendicular to the glass sheets. Noratall no

li:. ht is transmitted if the cell is observed between crossed-

Folarizers. However, if an ultrasonic wave is directed to the cell,

liht will be transwitted th'ou i h the z-ecorid Polarizer.

I

Since 1976 it has been known that the mechanism causirng the

effect is acoustic streamings. However, the dependence of the effect

upon the incidert acoustic ansile is rot understoo. In 1978, Letcherr

Lebrun, and Candau reported for their- cells the effect took place in a

relativel," narrow ranle of incident anlesy 27 to 30 deErees. Ir, 1977

NaIaiY Peters and Canru and, in 1978, Nagai and lizu.a reported the

accustic" freeuencv dpe nrdernce of the angular variation of sensitivitv

and tlave.prelirinarv results which indicated the transmitted light

intensitv increased with increased acoustic transmissiono In 197 9,

F'erbet, Hj3rern1;, and LeDerre reported strong li!iht transmission at

incidlo.,t acoustic ara.4les of maxium and minimum acoustic transmission.

Alsor in 1979, Lebrunt Candau, a rd Letcher reported the rarrow'ar,:ialar

r;n.rte for the effect becomes broadened when thin glass is used for the

cell,

-el •
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Xi this repcrt we rjescribe "the •tudi we have underta'.en to

anrz; I, '." the a r'fu I a r derenderce of the acousto-.ortic e fect • Ir,

Sectior, IT a thoOT1. is Ideveloped which tiiives the acou;tic tar, sm.ssion

of' the cell as a function of incident acoustic-ansle, freauenc-, speed

of the acoustic wave in the fluid(s) surroundin.i the cell, densitw of

the cell, der, sit of the fluid(s) surrournding the cell, densitv of the

la. ; speeds of the longitudinal and transverse tiaves in the glass,

thicl.ress of the glass laver, thickrness of the lieuid crustal ard

acou-;ic speed in the lieuid crystal. Since each of these cuartities

are measureable, as well as the actual transutission, the final

eUtion cars be rigorously tested experityaontall. The results of such

testir,, is roorted in Section III for both a single sheet of lass

arsd the lieuid crvstal cell. A co:m-arison is also made in this

section between the acoustic tranismission and sensitivitv of the

acousto-optic efect, This cua|parison gives insi~ht into the results

rentioried above b'- other resiearchers. We also obtain results for the

-an ,luar dependence of Iiiies which often app'ear in cells e.--hibiting the

acousto-oP.tic effect. In the final sections conclusions are drawn

from these observations. Appendix A contains a computer Program for

evaluation of the acoustic transmission for a given set of the above

mentioned Parameeters, Appendices B and-...C contain graphs of the

transmission for tPical cells as a function of angle for various

f revuer, cies.

4 - - ~ .i-9 -Z



11, THEORY ~

To ob .a:in an mpe-s::P*'e*;.io, for th.'e tV .. ranumi.sior, oi aIn acouti; t.c wa7.ve
"thrll,:u.-h a..li.ouid rus't .l c(.u.ly we wil.]l use-( "theB 0ourdilnat". su.srt of"

Fimu're It i LcihlJwy expe~rmentall we toill i anIerce the cell1 ine w-ater

the .xPres.s." will allow the rluid. on each side of the cell to be

Since "fluids su'po'rt, nio sheaT w es we will orly hav: one -ave

functr.i3on in the water an-d liceuidcryestal rLaonr a wave fun~ctiorn foi-

the ccmpe~;sjon wavo

S= (',~ ( ~ + ¢,ea?- ) i(ax-wt) ()

Ina the sls wu. will have an, addition~al funcr~tion, for shear:'

W +C io) e (2)

We note rno the ;. urionent of the wave rsumerep, is the sam~e for

bot1.h top-es; oif woven~, Du~e-to Snsell's; Jaw we further seeiris the same

The mj.teLrial ;ed d IIa: be fondJrf from

__-



vx 3

x ax az

The wa,:vFe s-p6-edj ima Ibe exr'ressed in termas of the Lame' Parameters

AT) an the densiti The lon:Eitudis31 speed is -jiven b--

and Uho~ 5ihear speed bv

bJ

Foi- t-h- fluid reg~ion the onlv stress is the Pressurer sincer= Ov but

for 'whe --;1a~s regionas we must geeraTlize to

Z+ +2 z (*r

4



Iau- + I 8

whe re' 1.1 y and uj s~' ;ateri:.J.rI5 fzcr.It frumt Iewa~jit'bviI;, in the

ar!z di rections r re~pctivei+ Tese riii:-lc-ernt comr-~ornerts are

related to the s:'eed m~ironrits b,-

iv()
x Wi

iv (o

As; irsdicted irn Fi,'are I we use tile suscriF't I to den~ote tile

wz.ter stlass inster-face at zd Wie let

P o(c d --1Ae c o s c an i d Q~s d -r;v - b

com~birnira Eu~io I - 4 andc 7 -10 wie vv

*z V 1y .

ZR

whe Tv

5



iocos P -a sin P

-a sin P ia cos P

A i(& + 2pa 2cos P 2 2) i

co sin P -ia_ cos P
03 6

-i8cosQ 6 sin Q

-a sin Q iG CosQ

-g!_ a cos Q 2 o_6 sin Q 12)

1 (y2 2 )sinQ __2 -c2cosQ

For ir,terface 2 we write a similar eeoation*

° 6
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X2

yz 2  4-"(13)

z
Z2

,' j: 'T tair,d -f ror., A bw lettindq P=0O. 0f More interest is the

inr~v:,-se of D:

0 0

Si( k7 + 2t, K O 0
0 -2icIK2  0

W.e are ljsiri the notation of Prekhovsk.ikh and Spielvogel. U~e take

If = 0 +a?02 ( 0)

j(2 = 2 + 132 (16)

and use
pK 2 =c(2+ (1)

fro., Eauatiors 5 and 6.

Combinir, Eouations 11 ard 13 we have

7



I= - Vz II(.)
-A I 2 22. 8

r, Iz .2. X2 2e cX 2 a

a 2 sin2 cos P + cos 2y Cos Q (19)

a = i(tane cos 2y sin P - sin 2y sin Q) (20)
12

a -ine (cos Q - cos P) (1)
13 Pc

a = -2ib(txi siny sin P + sin Q cosy ) (22)

a5C i i r- .osy tany cos2y sin (23)

222
22 = cos2y coza P + 2sin y co-s Q (21.)

a =3 = (cosO sin P + tany snO sin Q) (25)
23 PC

a = 2b siny (cos q- coS p) (26)

a = 2pb siny cos2y (cos Q - cos P) (27)31

Sip(cCOs' sin P + 4b cosy sin y sin Q) (28)

8



a cos 2y cos P + 2 sin 2y cos Q (29)
33

a = 2ipb2 (cos2y tanG sin P - sin2y sin Q) (30)
34

Cos22Y sin Q)

a -i(- cosO sin y sin P + 2 n(31)
42b cosy

sinO cos 2y (cos Q cos p) (32)
42 C

i (sin 20 sin P cos2y tany sin Q) (33)a = -( ' - (33
43 2p c

a =2 sin 2ycos P + cos 2y cos Q (34)
44

1 ?e ] ,trt., cOIy.i (r'ier it, Of I' .i .I. (., r 1 C it:

-- =a v +a v + a z +a 44.z (35)
2p xi 41 XZ 42 xZ 43 Za X2S

Thi eclusto:L)n describ-t. what, h.p-er, at. the .Mlais *tluid int erface

Howeve r sirce there cur, be r,o transverse stress in th( fluid we must

also have no tranrsve'se ,'t Tess irn the i ass at the boundarvt

z .X2 , Ther'e'e Eoi,.'E.io4nion 35 red.ces, to

a v + a v + a z =0 (36)
41 X2 42 Z2 43 Z2

Iroeorror-aatin Eruatior- 36 into E(wvt~ion Is we., obt.ain

* 9



v (a a, ,2 v + a ai a43 z (37)
X 1 12 Z2 13 Z2(3

4 a -a aa.(9
1 22 2424

V Z a M 2V z 2 (3 8 )
z Z ~ M3 M4 Z

M = a -a a /a (39)
1 22 21 42 4 1

M a -a a /a (40)
2 23 21 i 3 4. 1

M =a -a a /a (i
3 32 3 1 42 41

m4 =a -a a /a (42)
, 33 .31 4 3 4 1

In a f luid b=O and X=0 so to relate v, ard z between irterfaices 2 and

3 we have analoous to Eauation 38+4

V Z2 a2 23 3 ( 3)
ZZ2 a 3 aS

3 310



a 2  Co P LC (44)

a =-i sin P LC COSO LC (45)
23 C

PL LC

a -'PLC CC si L (46)
32 COSe LC

a 33 CosPL (4T)

wh,-ire the LC isubscri~It ~TM( tO thce yi:'-1,jc0 Of tee prrameteT's ins the

We have for the 50cord silasis rv!:,.ior,

2 : 3  1 2\ Z (48)

whev ~e tho M Is areG ilver. ine Eauastiors 39-42*

Eatsiti arts 38I,43p zjnc 48 cous.-iirw to ~:v

.z 1  - C I 2 Z4(49)

zZI / 3\ I. /4 Z 4 /



Cc C _ ( M \ a a' \tM 141 12g. 1 21122 23 1 1 21 (50)

LLFau:iori 49 T'c-Les the z compo~cnen-t of stress and' veiocitv Of

irate--' Pa:e2 IF ti'e first interface the in~cident wave encourfters y to

iflte'facu 4r the fin~al in~terface or tLhe cell. We mFairnow mTatch the

jie'2.dCirl'on wave witLh in-teri'zce I arnd *Lhe trag ItitteA wave with ira-erface

4 oi tere:-b- pind the a(:--us' i inic3L of the cell.* We will

c~ai~ th~f.. oria:in (if' the cocordinato sw.tty, in Figore I so it 1lies irn

in-ter;',ce 4 and take the coiya-lete cell. ticknessi from .1 to 4 to Ibe fit.

Then fur the iiial wave we have

= [t icta( Z-1) + iaC z-.H1 ei(arax-Wt) (51)

T a0 (52)

Where O~is the 8111i itude of the .irncident wave and 4) the anrlitude of'

thc, rc-' locted w:Fve. The %.wave is traveling~ is- the. negaive z

Sirectilal for fl~uid b /

III e-ib ei(Ofaxwt) (53)

.fca th wave traniyi Lted throu~llh the cell,* Usireri Eouatiouss ;3p4 and

7-10 isid oard tinri! the coui,or fasetor of we have

xa a1 a a

_:12



Z xa o (56)

- Z ' "imlpa (0a' + J' (57)

a

-z - -w r



V ' /" (63)

Pcois-iJ. ion 6J r' eo'vido , Lhco Iinca. 11-A whic:h thuso o f i cir1t: 0 h

a v o.1 t ed * To calcuelato th.! trarn!:Iui it.rd acoius-tic ir#eton'rtit . w,-: mui;t

ev.uate ID I .Care mu'.s t be' takcmra in d airn.P 5 0 Y however. T h e

lon1gi tudlinal sr-e ed in the a15 , ovor three timeYs tihe sr'ecd ir, the

r~.~1 Ljz; of Sniell 's law S5~1-I the Critic(J. Zin'Sii for' the two t-h'e S5

if ~ tvie 'ise cclxirs wt 15 rert.,; ;:nd 15,23 de _-rees+ Simialarlssr the

SI eVr UW:0..e s;re-d in tLhe 1!af~s 41_s over twice the loraitiidirrol sF-eed irs

the w-Aev# For the two t~jf-es of 5jas we use tthe critical arz~1e f ur

this t :;e of oD-vc is e-mceei.cd( aIL 25i.5 and- 27 degrees. Therefore- we~

find three re iorts: for the zinrile of iraciderlce A sep'arate eauAi-ort

f Cr1 t h-, tr.-:Ismliss1ion vljsL bz- *ourid for eaeh re~lion** the regiar whore

1-1c C-i-tic-E-1 ar'l is excfc(d whr on~ the critia arele for th,;e

I on t idi i -l wv e is c-xc'cde I aisw.I whero both critical 'rngles art:

exteeeled. For eamrpler in- the second rest ior t;AkirjI G to be the arnstle

frv the ccnr;P-us1oi, wa-ve ill the !41lsis; arid irs the water we h-ave fromr

sine C.sinO a s i C sine a

C C >Ite

a a

Cos e -~~i sin2 - (64&)

sin P -~i sinh 1PI (65)

Cos P +cosh 1PI (661

Sifu-ilz-rlyP if both critical urstiles are exceeded we miust make charsles

ins cos r sill 0 , arid c-os Q.

1 4



T fhel't? Po I, o CT-i~j. teri which av... y ehI in theC m~atr.ice!, for cy n i

i aW.] ]. 1-v i 1 a-Ii rvfl'r t4 i I.-a I-1 o t II -!r * ocv.ertiaelcs wLe da firnd for all1

=D1 PU%/cC2 (67)

~~~( +~ +WaI_][ICI ab j 1

~lt.~0iL.i: fb torm for ',C: wil i . Por each rm~ior.

Ecua-Lioi 67 will be the basis of comnaritort for tile r ueIisL

we will mak for the amiounwt of ultra~scncr' Vra sI-., 3 t t ei.1 thpoust" the

1 icauid c 1, ]. 4, l a ,(- It shaij]31 dbr. rioEed thl.- Ec~a ticn 67 'Joe, rnot.

ir,.ud- alr dri~:irin di ii~ to vithe p, vi sc.v ~ or v'.ir ri-g.e Waves' i rs the

ccl- D. Fu.'Lhermoris-- we hi.3vc c~iitted the smIi3ll anisotyrot, foy- the sp-ecad

o 1 -Cbt1Vnd wt~ic(h occur1-5 in liid;. Th *Jiw 3rtter -tifftvlifiiotioll

appeasr., to t')( locFs severe than. the foTrnw-tr onoso.

I~4



A 4 X t!L 0Li3YJerT Ve ri 1ic;:t ion

To tesit Ena1" 67 ex-*erir~inerLa].1e we s ta rt w it h the s i -Ipe

Case 01' a sirts'ie ?tof sllasVi rMthCer thalls the iiouirl cr~et~s. coll

mcii t. i.::r;'-i above * For this case te I I rfedu'ce to the M o

l~~.;v l;~39 - 42.

Two Fartaiatztric-, Modol V302 trzinsducers are used f or the

t -L u~t e r and h%4dr'-1ih01=rAV Thco trartsm~ittes- is it'iver. b :ea

.lw IhA.rdMo'it-: 3312,) f .irct-IIJ-,nt -_eera~or in the atipl itui.?

*If10uJCI'. -i~i: n m~ode ext errz;-d.t. i J.h1. b a hod(-%car lci.L 3310A

,j.oo~erator+ W&uN-s ts -i cr1 L- c in 4CC In Udt cot-I~

~~'~'t.2 ihsey20 c uCI -l C 1~' 1, L'l C Tho frocuenic'y- is rireasui'd iis~~a

Hc~1~ardModel 532,4-)iwr/ontr The %t.~ heet i~i r1aved

1in thie center of' wFst e Y tank1 g--cir x 40cift x 40crii. The acoustic

trvri-wittor is loe@Led 8 cnr.; from the ~l-ssheet ".iU- the h!:;d ophone

'apprx .ut~a t.CI- the same di stanace ant the oth,-er side# Thle :lass is

sus:--.-oded bii an an,-ular ipositiortirt' dcvice allowing arientfatiors to the

neanz?-t dogLree to be specified. lrini.:il ali! nmevlt is farcilitated F;

.1aser'. The sicinal f romt the hvdrorphane is amplified --nd sen~t to both a

-PAR' Model 160 boxcar inte~jraLor and Tektrarii:- 564 Oscilloscope, For

the da~ta arn the i~vph- Pi-serat(-d irn this sectiort the -values are read

from the osillosco-e.

rThe gilass~ shoLs ore IF, e x 15 ei, x 0.16 cm, -war; 15 cu. x 15 cut' x

0011j 4. emy, respecivel The diam~ete'r of' both the tran-imit-tcr anrd

hudtru;-ho.4ie are 2.5 cmt. 1tv not ±rri the tione Of tile V~riOUiS PuLJsez

__ *-~------ - ~%~16
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thl.ed a o (,- Latj.0 c,.cx ]Mo:' the' f2e' Lio att s~ ~ e~- i ; n. th tri

-']ctiurn )u1.!c-s and vt,'ij~~i' i ~e. The 2 r~lest xeliAcvi -u eji

za;hocurts to 10of~u thc, ma.:irt )-uliiv.

The f o I Io w i c riri a -ts a re s &d for the t h iekt

l~ziui5darid :i sheav .A:Y5. 5,. x 10 cm/see ad 3,,3 V. 10K

Cff/scee, res,-c~ctive1!jF with z-t k~~-t of 2.54 !Eii/c i # Fov the thirs

rsas thes vaue z~!L. S.J ;-. 10 :m/e 3.-18 %, 10 Scm:ecC and "2. 51

41/ell re-Fectivo1~i. The .Lithickev~1~ is float sfls5 -obtzirrd f 1,011

PPO T$'u~res ive Iuj u fic EuoI.f iulje d the ale of' yun s

1-ju1 14 ,,10 l 7/r iv n thrie Poi- son ratine, O.237 f'rone which the

;1VE. Z:7COLusLic are ObtLai;-a.ed Tlhe thin ! lass is Ojbtairied r r mi

1,c--r i i ri! 61e Co# ti4ich u'idtho shie ar nsOIJUle.SI 4.4 -x 10 psi r an~d

Poiss;on ratior 0*.22j fr'omr which the ae,,ouM1.ie s!o-i for thc thint

are cplculateci,

Figur'e 2 is a -Irav-h of the ratio of' the hvgrolor U votae with

the 5glass Present to thai-t wi1lhout. The abscisE:sa is the ardle be-tween,

the rnortw.;.l to the E:1a~ Plate and thazt. of' the acoustic beam~. The

crosses are the ex~'erimeental values obtairted a:-Proxirnatelu evem;

dez5 ce. The so"Lid linse i,. the theoretimal result from~ Eutiatio* 67 for

111) tsir: - the iAbove constanrts. ft shoulidU iocated that there- are rio

adjuitAnble 3T3Iratoter ul~ed in- thim grar-h sit-se each con~stant~ of'

Eo'.;Aiunt 67 is krouwro. *rh-ee zre two i-ee~s of' 1OOZ trarisiassior irt th~o

tht.)rrtical pio at 16,15 dv-iv es and 35.4 deieesv as well as a dip'

to ze-cru transmission at 15.9 drer;* Cxrerimt rVallu the crosses irs

the~ Fre,-h show the upr-er Peak, thou~jli shifrtedj to 34.5 de:Er, -4es mid

17
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red C ra 100% to 70Z trr Ji~;::r*~ 3ou!r ndi~k ru. di:-, ~

gui-x. r:; 1htwt-vor Thcese( ai~~seci2 re 9di 'e in f!r'at to L11? fir-itc-

ac:c' I;c~ oi~.leof *Lhc- h1,-1dov'hrne.~ Fir'ire .S is idurai~l~c: t. FLJUc 2

c>'.cach Poin~t or, the t rtcx;.-lot is av~iOver the vl~e

To r : ere;ons each siich:- The aver~v*iirt~g brim:1Is the u'a,,er r-eaff -rclwrf

to a~~x a:of' 829%id :i*'s itvl. 35-2 d.Irei as well as rfvtltc

refI.". I,:-I i !f the !I ar i a I ol-,o t v Iim.- n E3 Li ri- th d;i. Thin

avs~:-iic.will be Y-erfouted int th~:;:. 'em

Fisure 4 shows the crs-i-riso;i old the-ori at-it' e;perit;'H'rt for a

si ih e: -i1. of t - hi.:, I :ls; The* User ~ a~r s to sJii i'13 i !-

rr~d~ ,'. tUKj to ttji-ie PLerC- rat hi7.91heT- Lralic-utfissioe than what is re--li-zoij

ami t .*?d ant-; dissipationa csfr t 1, sourit wave we wouldj e:-esuchi a

Pi fe'r:YrcP O.'P58 MIIz is u~iter; for Fisaues- 2 n 3o:

0 . OS MiHz for FjIkure 4. For thr thijcker T- lass the resultinf-

wp'clc.rifths for the lonri;Etudirtal anti sheart; waves arer resp-ectivelu-i

0 #65 cm arid 0.39 cm* The, ratio of waveler, th to aas thic1krnaei.s is

0.2'3 aRnd 0.41Y respectively, For the thinner glass - the 1oriS.jtrsdL-ir,-l

arnd shear waveleru-iths are 0+021 and 0.036 v resr-ectivel -. It is this

smaller ratio for the thirn glass which mhakes it suited for the rietatic

ce~ 1 xhibitir,- the aeouAto-optxi et'fect sesalee the tw~iform

hijhlir sound trornsuiss7.iorsaio for a greater limiht transusi-ivin in

tli- -,wousto-or'tic effect with lenvr arsiul ay sensi-tivi tus



I iv'id Cri;-t,] l :Ci lrivei :'I a:l.ior

The nethatic liouid cr'hstal is 4 - cwano - 4' re he.:,l biphe-l

con.ion;J knotin as rIhi. "he trar,siticn 1.erier;tu~ve for the crvstal to

neirw.:ic phase transition occurs at 14#5 C irrd the nveiatic to

isrotropic "transitiorn a. 29#40 C, It is oht.rined frcem Atoireric

che:t ..s Corp. *and uacn d Wi""hout l'urLtJer Purification

Each cell is constructed b coating two !-lIass sheets with

lecithin to Promot. homeotropic z.l irowent of the .ietuid cr.ista. Th.-

co-td sides are pla c.d rsext to on, nn!.;Ier it-tl ,i 0 t ,.1 s:-acers at the

edges, The linuid cr-stal is then introdJuced zt the flass ed&es

bett.uoi, the sp-acers ravd =uLted intr. the cell b! cc Pillarw action,

After the ceill has beer, filled ttith the neutic the edes a e

coai.ed with wax. Erpoxt. is then aPlied at all e-lies. The wax is used

to Prevent the nemoatic from reacting chemicallv with the epoxv. For.

cells made with the thin glass the cell is mounted in a plexialass

frame for added suPport.

The acoustic wave for these cells is generated bw the method

described above or with a Nedi Son-r Model 1100 iultra.oreic generator*

The latter operates at I MHz and ii used when greater power is

reati red. Intensities of 1.1 Watts/ cih7 ma, be obtained with this

unite

For iteasuremert of the light tratesmitted b-: the acousto-optic

effect a 150 Watt laim is used. Light passes through tho licuid

:- ------- ------



1-t~t~r~u Li1ie' i ~sz:.li i~Jand scwrd. -to z di.-Iit31 vol-trott'.

Fio-Kim- 5, iz-how- threi ratio of volt:,!,e *.ev -the Im'3dro-horse, ti1 h arnad

W,.thC11.it the I l.l~i' Or!:S,-LL] C-Pll1* as a funjrction. c) arziilt:.-. Fop Fisiuvo

th~z (--l ib coristructled of the thicker -'sSS and fl aco.-itic fo~

of' I. M17 is uedv:j Th~ r4 'e are thc?_ Iii~na ra ti'-s a rd the?

b C Ii d in1-e i s tho theo wet jc-a Ivalue of £)11 fromi Eetuatiur 67. Tnet

det.eils of the prcg~ratm uned for the evaluatiors of Eeuatior. 67 is fourzd1

ire A:-erndix A. Th u so I in r- o i nL on.I.I t !4 irE:-h are for the Ii siht l

irstersit.'J ire Var-itrjr% ui.nts ri~zat~u vie. the* acousto-optic eff ect.

It wtnuld 3;i'Fea1' Uh ;ost-orti-e c is op;4,jztive tj~ thv'

Qtell C0)rsfi,-.1uJr3tiLra z ~w-:~xi:mur, trir,r_:is~ion of sound, This resa-ult

af-ea:rS& to ex-,d aira the results of Le:-tcherr Lebrur: aridJ C E;r.d a u 9

r e Po rt ed a strong~ o.-tical si-qra31 fT'Or 1 a narrow r.ars:;L of rcrr:.

ars4lesp 27 to 30 doeqpees* This result is also in asreenmerit with

M'aqai P Peters arnd Candau - who found z. correlation, with ex-s-erirteral

acoustic andi or-tica1 trarnstiissior,. Eosu:;ti-znr 67 also exr-lairis their

results fo' -acoustic trar-iiiwissior. versus filth thicknessy their FiiuIe,'

7& Also, the broi:denin:- of the ty-rismrissioa for thin :glzss ze

reported b--, Lelsruru, Cawndalj arid Letcher is explained. This result ir.

ir isre~artto that of Pevt'ety Ularentj anid Le~erwo who report al,

opti~cal signpl for la-r.."e avoutic reflect-ion. We fin~d ro a zticai.l

sisal for lapd-Je acou~stic I-eflectionb
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If we conclude that Eauation 67 mav be used to Predict maximum

acoustic transmission and therefore maximum transmitted light from the

acousto-optic effect it would appear the eauation could be used to

Prescribe how a given cell should be made for .a Particular acoustic

freouenc. Or if the cell size is determined bu other considerations.

Eauation 67 could- be used to Prescribe the acoustic freaueracu which

should be used. For instance, for the thicker glass cell used in

Figure 5, assuming an incident angle of zero, EQuation 67 is used to

determine the acoustic transmission, See Figure 6. The results

indicate that an acoustic freauen"cof around 500 kHz would give the

best results.

For Figure 7 the cell was constructed of the thinner glass

sheets. A-ain we see as the acoustic transmission increases more

light is transmitted. In comparing Figure 7 with Figure 4 and Figure

5 with Figure 3 we see the difference in the theoretical sound

transmission and experimental sound transmission increases as one

changes from a single glass sheet to a licuid crustal cell. The

increase is reasonable since the means of dissipation has increased.

The flows induced in the liquid crustal which aive.rise to the

acousto-optic effect are in fact an added means of dissipation of the

acoustic eneraw.

Another means of dissipation is the surface wave generated.

Figure 8 shows a series of Photographs for the cell viewed between

crossed Polarizers. The Photographs labeled A to F have the incident

acoustic beam at angles 0 , 4 , 12.5 , 15 , -17 (from the right rather

than the left), and 330* The dark circle with the knob on the left in.
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the Phrqtographs is the acoustic transmitter. The small tilted

rectangle in each Picture is a spacer. In each Picture vertical lines

;are shown. In the absence of acoustic waves these lines dissaPPear.

The light transmitted in each iine is the result of acoustic streaming

in the liouid crwstal ( i.e. the acousto-optic effect). As the angle

of incidence increases the distarnce between the lines decreases.

Figure 9 is a graph of the line sPacing as a function of angle. If we

-imagine a Plane wave of incident angle, 0, coming to the cell surface

-the component , d , of the wavelength along the surface is givers bu

d (
sin(

We would expect a surface wave to be generated and the distance

.between the lines to be Proportional to d. Since for normal incidence

Eauation (68) shows d to become infinite we generalize the eouation to

=line spacing &asin(O + b) (69) . -

where a and b are constants. The constant b should result from the

divergence of the incident acoustic beam* The continuous curve in

-Figjure ? is for Eouation 69 with a=1.25 m and b=14.38 degrees, Lines
5

similar to these have been reported bu Perbet, Hareni, and LeBerre.

The agular dependence we observe lends support to their claim that

the lines result from surface waves.

From Enuations 38, 43, 48, 59, and 60 we find the ratio of v

-- "22 -
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t-t_ •2 3 b
V 3 cos eb (0)

M ,+ % C,M]
COB 0b

Since this ratio is complex it contains irnformation concernind the

Phase. The two surfacos, labeled 2 and 3y are the liouid crwstal

boundaries# If this Phase is 180 de:..rees we have a Peristaltic wave

travelir,nA along the liou:id cryistal laver. If the Phase is zero

degrees we have an ordinary. flexural wave. In Figures 10 and i "the

Phase calculated from Ecauation 70 is Plotted as a function of incident

acoustic angle for the thick Filass and the thin glass cells

respectivel., Referrin to Fi'iurt 5 we see there is a significant

amount of light from the acousto-or-tic effect for incident aenles in

the range of 29 to 33 degrees, From Figure 10 we see the boundaries

are out of Phase ( 50 to 140 degrees) in this region givirg rise

.:.mainlw to a Peristaltic wave. From Figure 7 we find for the thin

glass cell the light intensita increases with ansle and from Figure 11

the Phase difference becomes smaller with ar,le to a Phase of around

20 de.grees at an incident angle of 40 degrees generating nainlw a

- flexural wave. It woul d ai-Pear therefore the important feature giving

rise to the acousto-outic effect is the amplitude of vibration for the

lisuid cri.ystal boundaries as indicated above rather than the relative

Phase,

It is of interest therefore to see how the an ,ulanr transmission

I23
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changes as a function of the acoustic freauenc. for the cells.

Append|x D is a series of graphs whir:h show the theoretical value of

D1 fror Enuation 67 as a function of angtle for the thick glass cell.

For low freauencies, 100 kHz, for which the ratio of acoustic

wavelength to thickness of a single glass Plate is about 0.03 the

curve is fairlv flat with a transmission greater than 50% for all

angles less than 60 delrees. As the freauercw is increased to 300 kHz

the lower an.gle transmission decreases and a Peak appears at higher

anles0 The Peak becomes narrower at 400 kHz and a-Pears at a lower

an. le .t-i 500 kHz a Peak has appeared at lower an.cles, as well, and

is seen to increase in location at 600 KHz. These Peaks continue to

approach one another and are nearl suPerimrosed at one MHz.

In Appendix. C a series for a thin glass cell is Presented. For

'the first graph the freauencw is 1#0 MHz which still gives an acoustic

wavelength to glass thickness of about 0.03 since the glass is so

thin. Again we see a rather flat curve with the transmission above

.60% for all angles. At 2 MHz a Peak aPPears and at 3 MHz a second

,one# At 4 MHz the two Peaks have narrowed and meraed. The narrowing

continues to 8 MHz.

In Figure 12 the theoretical Plot of amplitude ratio versus the

thickness or the nematic laver is Plotted for an acoustic freternc of

1 MHz and zero acoustic incident anile0 It would apear from the

sound transmission the best thickness for a' cell atade of the thin

glass would occur at 200 ricrometers, For higher freauencies the peak

occurs at lower thicknesses and is narrower* At 1.9 MHz the Peak

occurs at 70 micrometers"

". . . -4. * .



In Filre 13 the theorotiCal 0m-,r-li'idO is zivtr, as a func:tion or

acousLic frcauenct., "or' a col, of the thin .lass with zero acous'tic

i~rcident an.le. The decrease in ratio above 3 MHz continues uP'

throu1h 8 MHz, as seen in Appendix C. It would arPlear the best.

f rceuencu occurs at 1.9 MH-.. Thereforey we conclude the best cell for

-the thin glass and "'or -ero incident acoustic angle would occuT- for a

f reauenc, of 1.9 MHz and find the or-tilmulre nelmatic thick.ness to be 70

Ire i c rolfoC't e rs.
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IV* CONCLUSI.ON'S

We hav(e developed ar enuatiorn to allow evaluation of the

acoustic transmission throu!Ah a linuid crustal cell as a function ol'

incident acoustic arsle, frenuerci and thickness, densitt and acoustic

sPeeds of the materials in the cell. Althouih a number of sigmpltf.i-,s

assumTPtions are tTade in the derivationt such as omittinE viscous

dissir-ation we -find dood at-roeert between, the t0heoretical Prediction

and the experimental realization for acoustic transmission* We also

find a Positive correl.ation between the maximum acousitic transmission

and the mI-axi, um sensitivitu for the acousto-o-tic effect# Therefore,

the tranininsior, ee,'ti.ot' ir.y tic JSed to rri', srib. cell ,truct'..re and

acoustic freauencu for the utlilizition of the acousto-optic effect.

Appendices D arnd C conta.in ex.amples of how one ma use the e~uation ir,

this wau. The maximum acoustic transTission of the cell occurs at

those anjles where the comFonert of the in'cir . rt wavel ensth alonsi the

zlass surface Imatches the wavelenqth of a flexural or Peristaltic Wave

alonA the glass at the imposed acoustic freeuencn. Therefore, the

maximum acoustic transmission occurs where the liouid crwstal

boundaries have their lar,.est amrplitudes of oscillation. The result

is important for th(e resolution of a visualized acoustic wavefront

pattern. To increase the resolution we must not onl, damren the

] ateral flow of the lituid crystal but we must dampen the lateral

fle.ural or Peristaltic wave induced in the .lass walls. There are

selveral mretes of inducinr Auch daF-irls. We are Presertlv attemretir.1

to ircrease the coll r(osolutJore bu incrasinr, -t"he lateral dam,-in-I,
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APPENDIX A

Ap-rersdix A contains a pro-Iram in Basic to give the acoustic

transmission thr o ush a lictuid crmstal cell as a Iunction of incident

acoustic ansle.
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20 REII DENSITY Rl (H20), R (CLASS), R3(L#C.) R4(AIR OR "20)
30 REMI SPEEDI Cl(H20), C(GLASS), iB(GLASS)t C3(L*C.)y JC4(AIR OR)
40 REM1 DISTANCE Dl(L#C#)y r'2(GLASS)
50 REMI ANGLE Vi(H20) THE INITIAL ANGLE
160 R3=1
170 R4=i
180 R1~l
190 C4:=150000
200 F=900000
210 R=2.54
220 1,1=150000
230) C=560845
240 B=~332216
250 C3= 150000
260 tul=,008
270 D2=#0146
300 IF C*SIN(Vl)/C1Ml THEN 400
310 COTO 1000
400 IF tVSIN(Y1)/C1>1L THEN 5000
410 COTO 3000
1000 SS=C*SIN(V1)/C1
1010 S9=B*'L';N(V1)/C1
10 20 CS=SORT( 1--*S8-2)
1030 C9=SQRT( 1-1*S9-2)
1040 C7=2*C9-2-1
1060 P=2*3, 14159*F*t'2*C8/C
1070 0=2*3#*14159*F*D2*C9/B
1080 S6=SIN(F9
1090 Ct6)Cos(p)
1100 S5=SIN(f4)
1110 C5=COS(Q)
1120 J1=2*B*C8*S6*S9/C-S9 *C7*SS/C9
1130 J2=C7*C6+2*S9-2*C5
1140 J3=-S8*S9*S5/(C*R*C9)-C8*S6/(C*R)
1150 Ki =-2*tB*R*S9*C7*C6+2*B*R*S9*C7*CS
1160 K2=-4*EB*R*S9-2*C9*S5-C*R*C7-2*S6/C8
1170 N3=C7*C6+2*S9-2*CS
IlI SO L 1 1-i*C7 " 2* S 5/2* It *C 9)'2* S 9 2*C 01S 6/C
1190 L2=-S8*C7*C6/C+SB*C7*C5/C
2000 L3=-S9*C7*S5/ (2)YB^2*R*C9) +S6*'fS8*CS/ (C-2*R)



2010 1-J2-J1*L2/L1
2020 i2=J3-J1*L3/Li
2030 113=K2+I*L2/L1
2040 M4=K3-K1*L3/L1
2050 Tfi=C3*SIN(Vl )/CI
2060 UJ8=SQRT C1-T8-2)
2070 Pl=2*3 *14i59*F*E'1*U8/C3
2080 A1=COS(P1)

2100 A3=-R3*C3*SIN(P1 )/U8
2110 A4=A1
2120 El=-M1*M2*A3-M1*M3*A2-12*M3*A4+M1*M1*A1-
'2130 E2::M1*M2*A1+M1*14*A2+M2*M4*A4-M2*M2*A3
.2140 E3=M1*M3*Ai+MI*M4*A3+M3*M4*A4-M3*M3*A2
2150 E4=-M2*Mi3*Ai-i2*i4*A3-M3'M4*A2+14*M4*A4
2160 Zl=R**C1/COS( Vi)
2170 Z4=R4*C4/SQRT(1-1*(C4*SIN(Vi)/C1)"2)
2180 T2=4*Z42/( (Z4*E4+Z1*El)'2+(E3+Z1*Z4*E2)-2)
219? T2--SORT(T2)
2190 PRINT INTr(10*V1*180/3.14)/10,T2vTAB(154+50*T2)i'**'
2200 V1=V1+3.14159/180
2210 IF V1>70*3*14/180 TH-Efl 8000
2220 COTO 300
3000 SB=C*SIN(V1)/C1
3010 S9:zB*SIN(V1 )/Cl
3020 C@=SQRT CS8-2-1)
3030 C9=SQRT C -1*S9-2)
3040 C7=2*C9-2-1
3050 P=2*3. 14139*F*t'2*C8/C
3060 Q=2*Z.14159*F*D2*C9/B
3070 S6=(EXP(P)-EXP(-P))/2
3080 C6=(EXP(P)+EXP(-P))/2
3084 ~~Cl(~
3005 1;5=CDS(G)
3090 J1=-E'*C8*S6*2*S9/C-S9*C7*S5/C9
3100 J2=C7*Cb+2*S9^'2*C5
3110 J3=--S8*S9*S5/ (C*R*C9) +C8*S6/ (C*R)
3120 I(=-2*D*R*S9*C7*C61-2*B*R*S9*C7*C5
3130 IK2=-4*B*R*S9-2*C9*SS-C*R*C7-2*S6/C8
3140 1K37*C6+2*S9^2*C!5
3150 L 1=-1*C7-2*S5/ (2*r*C9)+2*S9-2*CB*S6/C
3160 L2=-S8*C7*C6/C+S8*C7*C5/C
3170 L:3=-S9*C7*S5/(C2*B-2*F:*C9) -S6*S8*C8/ ( C2*R)
3190 GOTO 2010
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5000 SB=C*SIN(Vi )/Ci
5010 S9=E'*SIN(Vi)/Cl
5020 CB:=SQR(S8"2-i)
5030 C9=SQR'T(S9-2-1)
5040 C7=-2"-*C9-2-1
5050 P=2*3. 14159*F*t'2*C8/C
5060 (4=2*3. 14159*F*'2*C9/f
5070 S6=(EXP(P)-EXP(-P))/2
5080O C6=(EXP(P)+EXP(--P))/2
5090 S5=-(EXP(Q)-EXP(-Q))/2
5100 C5=(EXP(Q)+UEXP(-Q))/2
5110 Jl1=-IB*C8*S6*2*S9/C-S9*C7*S5/C9
5120 J2=C7*C6+2*S9-2*C5
5130 J3=--S(*S9*S.:/ ( C*F.*C9) +FCSO*S61 ( C*R)
5140 tu=:-2*B*R*S9*C7*C6+2*B*R*S9*C7*C5-
5150 K2=4'L**~S92*C9*~S-C*l'%*C72*S6/CO
5160 K3=C7*C6+2*S9-2*C5
5170 Li =-1*CY 21'*S5/ (2*13*C9 )+2*S9-2*CS*S6/C
5180 L2=--S8*C7*C6/C+S8*C7*C5/C

* 5190 L3=-99*C7*S5/ (2*1r2*R*C9 )-S6*S8*C8/ ( C'2*R)
5200 COTO 2010
8000 END



APPrEND IX B

Apperdix B contairns the computer Pirt-out for the acoustic

transmission as a f.unction of argle for a lieuid crvstal cell usind

glass 1.6 mm thick and a lieuid cr-stal laver 0.08 aim thick. The

frevuencies used var,. from 100 kHz to 1 Mliz,
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RUN

FREQUENCY 100000
ANGLE SQMROOT T2
0 .53031519
2 .53049074
4 .53101764
6 .5318928
8 o53310191
10 .53458961
12 .53614786
14 .53671979
16 .50364879 *
18 ,55621914
20 .55744664 *
22 .56194362
24 .5678085
26 .57475542
28 .58273586 *
30 .59176335 *
32 .60187158 *
34 .61309946 *
36 .62548237 *
38 .63904676 *
40 .65380648 *
42 .66976124 *
44 .68688188 *
46 .70511943 *
48 .7243843 *
50 .74456355 *
52 .7654945 *
54 .7869849 *
56 .80879108 *
58 .83065597 *

-3.#



FREQUENCY = 200000
'ANGLE SQ.ROOT T2

0 °34651734
2 .934652966 *
4 .34656605 *
6 .34661781 *
8 .34664528 *
10 .34650293 *
12 .34565976 *
14 .34146675 *
16 .26142596 *
18 .3775428 ,
20 .37185371 *
.22 .37389204 *
24 .37855748 *
26 .38512721 *
28 *39352561 *
30 .40387373 *
32 .41638878
34 ,43135173 *
36 .44909745 *
38 .47001909 *
40 .49453893 *
42 .52311694 *
44 .55619384 *
46 .59413948 *
48 .63713051 *
50 .68497456 *
52 .73683352 *
54 .79120591 *
56 *84526676 *
58 .89552709 *
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FREQUENCY 300000
ANGLE SQ.ROOT T2
0 .32365379 *
2 .32349096
4 .32298899 ,
6 .32209405
8 .32066008
10 .31828903
12 .31372772
14 .30122937
16 *15743477 3
18 .37393455
20 .35301396
22 .349408
24 .35052289
26 *35454088
28 .36123751 *
30 .37090848 ,
32 *38415687 3
34 .40186889 ,
36 .4252746 *
38 .45605482 *
40 .49648752 *
42 .54959308 *
44 .61903527 3
46 .70804023 *
48 .81524999 *
50 .92433679 *
52 .99392697 3
54 .98251658 3
56 .90117879 ,
58 .79729963 3

3/-



FREQUENCY = 400000
ANGLE SQ.ROOT T2
0 .44575546 *
2 .44550411 *
4 ,4446042 *
6 ,44258774 *
8 .43954122 *
10 .43071006 *
12 .41496347 *
14 .37567037 *
16 9.9410913E-02 *
18 .57428437 *
20 .49033762 *
22 ,45981837 *
24 .44093094 *
26 *42797399 *
28 .42019843 *
30 .41826343 *
32 .42357769 *
34 .43836952 *
36 .4661941 *
38 .51296621 *
40 .58873302 *
42 ,7088387 *
44 .87912815 *
46 .99979624 *
48 .87226826 *
50 .64427637 *
52 .47698099 *
54 .37026756 *
56 .30125195 *
58 .25502811 *



FREQUENCY = 500000
ANGLE SQ.ROOT T2
0 .9975715
2 .99701681 *
4 *99530841 *

6 .99285562
8 .99154948 *

10 .99454156 *

12 .99999471
14 .94080152 *
16 6.2643351E-02 *
18 *86642261
20 .99819855
22 .9556492
24 .83643918- *
26 .71178303 *
28 ,61440708 *
30 .54968327
32 .51535038 
34 .51080818
36 .54167181
38 .62599924
40 .80105178 *

42 .99890843 *

44 .75957952 *
46 .45576596 *
48 *.296221-5
50 t21062089 *
52 *16009318 *
54 .12793822 *
56 .10637034 *
58 .09137821 *
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FREQUENCY 600000
ANGLE SO.ROOT T2

0 .30500073
2 .30179229
4 .29326018
6 .28215715
8 .2718099
10 .26538554
12 .26626798
14 *28324073 *
16 3.8622229E-02*
18 .30400601
20 .36175208
22 .46167116 *
24 .63904649
26 .90453746
28 .97731108
30 .78256852
-32 .6412908 *
34 .59504245
36 .64279457 *
38 ,83487877
40 f95840298
42 .50310603
44 .26612626 *
46 .16407183 *
48 .11207212*
50 8o2105742E-02
52 6.3350093E-02
54 5,0914309E-02*
56 4.2331909E-02*
58 3.6242261E-02*
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FREQUENCY = 800000
ANGLE SO.ROOT T2

0 .09482626 *
2-9,2695369E-02
4 8,7360146E-02 *
6 S.1001516E-02
8 7,5340103E-02 *
10 7.1025i14E-02 *
12 6*7548982E-02 *
14 6,132774SE-02 *
16 5.2167358E-04*
18 *12910011 *
20 s12714057
22 .14878961 *
24 .19321683 *
26 .28436823 *
28 .50303717 *
30 .95537299
32 .84255748 *
34 .75271136 *
36 .99470917 *
38 .44571181 *
40 .16920712 *
42 .08498257 *
44 4.9745958E-02*
46 3.2026262E-02*
48 2.2039981E-02*
50 1,5959212E-02*
52 1*2043273E-02*
54 9.4132979E-03*
56 .00758951 *
58 6.2938972E-03*

38"



•.PIUI.NCY = 700000
.GlE SQ.ROOT T2
0 .14614023
2 .14398759
4 #13834244
6 .1310977
8 .12417377
10 *11882437
12 .11532526 *
14 +1114234
16 3.6084021E-02*
18 .17296716 *
20 . 8 446955
22 .22275625*
24 .29682343
26 .4481302
28 .77005966
30 .98714771 *
32 .76241145
34 #67384193 *
36 +79491955
38 .95902435
40 .41070682
42 .19101633
44 #10856379 
46 6.9545699E-02
48 .04819727 *
50 3.5364793E-02*
52 .02713297 *
54 2.1596886E-02*
56 1.7743446E-02*
58 +01499378



RUN

FREQUENCY 1000000
ANGLE SQ.ROOT T2

0 ,062 *
2 .054 *
4 .044 *
6 .039 *
8 .037 *
10 *035 *
12 .034 *
14 .027 *
16 .012 *
18 .119 *
20 .097
22 .107 *
24 .133 *
26 .188 *
28 .331 *
30 *795 *
32 *895 *
34 .992 *
36 .312 *
38 .094 *
40 .04
42 .021 *
44 .012 *
46 .007 *
48 +004 *
50 .003 *
52 .002 *
54 .001 *
56 .001 *
58 .001 *



* 
-~ - - --

APPENDIX C

A Pe idix C contains the ComP,-uter Print-out for the acoustic

transmission as a funratior of art,-le for a liauid crtistal cell using

aiiss 0,146 mt thick ard a li.uid crmstal laver 0#08 tmm thick. The

•recauencies used vary from I MHz to 8 MHz.
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RUN

FREQUENCY = 1000000
ANGLE SQ.ROOT T2
0 ,697
2 .697 *
4 .697
6 ,697 *
8.697 *
10 .697 *
12 .697 *
14 *694 *
16 *724 *
18 .705 *
20 .705 *
22 ,706 *
24 *708 *
26 .711 *
28 .714 *
30 .718 *
32 .722 *
34 .728 *
36 .734 *
38 .742
40 .75 *
42 .759 *
44 .77 *
46 .781 *
48 .793 *
50 .807 *
52 .821 *
54 .835 *
56 .851 *
58 .866 *

/F.



FREQUENCY 2000000
ANGLE SO*RQOT T2
0 .855 ,
2 .856 ,
' .86 ,
6 .867
8 .877 *
10 .889 *
12 *906 *
14 .928 *
16 .903 *
18 .953 .
20 .974
22 .99 *
24 .998 *
26 .998 *
.28 .988 *
30 .968 *
32 .942 *
34 .912 *
36 .882 ,
38 .856 ,
40 .834 *
42 ,818 *
44 .809 ,
46 *808 
48 .813 *
50 *825 
52 .844 *
54".867 *
56 .893 *
58 .92



FREOUENCY 3000000
ANGLE SQ.ROOT T2
0 .158
2 .159 *
4 .159
6 .16
8 .161
10 .163
12 .165
14 .167 *
16 .208
18 .194
20 .204
22 .22 *
24 *243
26 .274
28 .317
30 .378 *
32 .462"
34 .58
36 .732
38 .89
40 *986
42 .995
44 .964 *
46 *94
48 o94
50 .962
52.99
54 .998 *
56 .96
58 .881



FREQUENCY 4000000
ANGLE SQ.ROOT T2
0 .066 *
2 *066
4 .066
6 .066 *
8 ,066 *
10 .066
12 .066 *
14 .064 *
16 .101
18 .08 ,
20 .083 *
22 .089 *
24 .099 ,
26 .113 *
28 .133 *
30 .164 *
32 .21 *
34 .286 *
36 .415 *
38 .629 *
40 .89 *
42 .998 *
44 .991 *
46 .999 *
48 .959 *
50 .764
52 .54
54 .388
56 *295 *
58 .238 *

4 .



FREQUENCY = 5000000
ANGLE SQ.ROOT'T2
0 .041 *
2 .041
4 .04
6 .04
8 .04 *
10 .039
12 .038
14 .036
16 .077
18 .05
20 .051
22 *055 *
24 .061
26 *072
28 .087 ,
30 .111 *
32 .152 *
34 .227 *
36 .381 *
38 .694 *
40 .979 ,
42 .999
44 .924
46 .567 *
48 .311 *
50 .191 ,
52 .131 *
54 .098 *
56 .078 ,
58 .066 *

#/-



FREQUENCY = 6000000
ANGLE SQMROOT T2
0 .033
2 ,033
4 .032
6 .031
8 ,031
10 .03
12 ,029
14 .026
16 .08
IS .04
20 .04
22 .044
24 ,049
26 .058 *
28 .073
30 ,098
32 .144
34 .244
36 ,501
38 ,944
40 .999
42 ,752
44 31*6
46 *154
48 .09
50 06
52 .043
54 .033 *
56 .027 *
58 .023 *

.-7



FREQUENCY 7000000
ANGLE SQ.ROOT T2
0 .033
2 .033
4 *032
6 .031
8 .03
10 ,029
12 .027
14 .023
16 .116
18 .041
20 ,04
22 .043
24 .04%'l
26 ,059
28 .074 *
30 .104
32 .166 *
34 .329
36 .812
38 .994
40 .781
42 .255 *
44 .103
46 .058 *
48 .036 *
50 .024 *
52 *018 *
54 .013 *
56 .011 *
58 .009 *



FREOUENCY = 8000000
ANGLE SQ.ROOT T2
0 .046
2 .045 *
4 .044
6 .042
8 .039
10 .036
12 .033
14 .025
16 .277
18 .055
20 .051
22 .0*53
24 .059
26 ,069
28 .089
30 .128 *
32 .221 *
34 .529 *
36 .994 *
38 .999 *
40 .349 *
42 .112
44 .051 ,
46 .028 *
48 .017 *
50 .012 *
52 .008 *
54 .006
56 .005 *

58 .004 ,



Fissure I gives the coordir :te sitir, for the lieuid cr~istal cel]. The

ori E . n is adt the first !Vlass-licauid c'T'Vsti interface for the initial

intr ix calculation and is moved for the final matrix calculation to

thC? lower Aliss-flJ.uid B interface.
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FLUID~ R

2 X.
LIJUID~ CFRYSTRL

F'LUID E5
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Fi:Xur'e 2 is a !Jir~h of the raz-tio ol' vol Lzes fromr the hydrop-hone with

anid without a sinafle sheet of 1.6 in thick glass as a function of

anrie. Therefore, this &rarh shows the.- acoustic trarnsmission of' the

glass as a function of aro-le# The crosses are exmeriirerbtai r-oirts#

The solid l ine. is fromn IEn'jaticjn 67 foT' DI *. Sinace eadh fa~ctor irt the

ecif-lLi~ln is rneaSUT'Od there are nio adii-stin-hle F-arameters used to induce

the f it. Therefo-.re-- the~ irapnh reresents a sere.C.( testirm-4 of the

theoor.j, Foy Lhis !:-rarh -the thick~er mlass cell it; used arid a freeuencu

of 0.R8 MHz# No covrecticon is made~ for the finit e accer'tance aro~lle

of Vic httd rohone.
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rFioure 3 is identical. to Fi 51urv 2 ornly cor-rection is maide for the

firnite accer-tarice arifl~e of the hwdror4inneo
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Figure 4 is a araph of the ratio of voltaFies f root the hidrophone with

and without a single sheet of 0.146 mm thick glass as a function of

anrAle. The freauened is 0.857 MHz.
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Figure 5 is a graph of acoustic transmission through a liuid cr,-stal

cell made of the 1.6 mm thick glass a a function of incident acoustic

anale. The acoustic transmission is measured as the ratio of voltale

from the hvdrophone with and without the Presence of the liouid

crystal cell. The solid line is the theoretical value of Mr. from

Eouation 67. The crosses are the measured values rf acoustic

transmission. The filled circles are measured values of transmitted

light intensity via the acousto-oi-tic effect usind arbitrary linear

units. It should be noted that the maximum light intensitw occurs at

the incident ansgle for MIaXimum acoustic transmission,
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Figure 6 is a sraph of -- oustic transmission as a functiorn of acoustic

freuencv. (he solid line is the theoretical value from Eauation 67.

The crosses are the experimental values. There are no adjustable

Parameters used to induce the fit since each parameter in Eeuation 67

is known or measured. A ljouid crwstal cell made of 6 om thick

!lass is used for these results.
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F i;,;re 7 is similar to FiEurtc 5 or ls the liouid crtstal cell is

constructed of thinner glass, 0.014.5 rip thick. The filled circles

represent measured values of transmitted light intensitu via .the.

acoauto-optic effect.
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Fil 11ie 11 is a ser'Ties of r'ictu:-es or' thce liWtuidcI CwStial Whi.l I e xcited

bu sn- utIlt frnaurr .): wave. The sracj(:irv5 be ween the res] Ling~ vertical

1iam ±veJ.v sucn t dc.creasc? with inct-vasiv-l- acauV-tiL' aru~le+ The arni Ie

ofC i ric i derce for, *.jch r ictuire is :

A:*f't de I res.
f '(. 1 e ~ d eig' m. 1, e' c.-.;1*&
-Ii * 1'ii t( ro.' oni: A h l- T'e(9 Sec

: i~ tiy ecrt~r c. 'e (r1' um the Ic ' i siht I-atheyr than- .ept >
F+ thtii rL three dc,.A re-es:
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Fiiurc 9 is a~!r~~ of' the ditifai-,CO IR(*wc*tWC,7l thO 1iesSUCh as thOSe

showri in, Fiiiure 8 as a f'unctLion) of inr,cidartt ar e. The --o1 id l ine is;

th(. f it f'vg rom Eum~iio 69.
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Fisuy 10 its a Friih of th(I rhaso( eari5-i( of' orte I i ouaid cri-st -Ila1~ss

surf~W tt wi -II .(--S -CI-, to the other w-rscus incidiet wave angle- for' a

1 icuid c rvstal cell construc-Led of~ 1 4e irsru thick (Iiai;, Ectuatiort 70 is

used for these valuess,
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11 lbis lt...:T to Fi~jure 10 oidti rut, i-i toeli lISadc- t4Ji 0.01465 fa

70
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Firo 12 j,- a sly-o-I cdf ;-ousA it ra.,idi i'vow Ectu'--tiort 67 as a

fulii.tio- ci'i of d e'vsti; tt~~i hicdlIts for 8 cell of 1 .5 aimm thiick.

A 1're~ue.tci: ofi I MIHz itrd irnciukrit anflh'. of zf'-Yo de!grees is

us7 2
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